Pain recognition in cats is difficult and requires a multidisciplinary approach for diagnosis. A total of 103 clientowned cats were enrolled in this prospective, blinded clinical trial. Cats were invited to the clinic, or presented for annual rechecks/vaccinations, or gastrointestinal, dental or locomotor problems. The cats were of different breeds; both shorthaired and longhaired cats were included. Those cats that tolerated it were palpated and all cats were examined with the non-invasive method of thermographic imaging. Owners filled out a questionnaire about their cat's behaviour and estimated whether the cat was in any pain. The agreement between a questionnaire and thermographic imaging or palpation was low. Also, the agreement between the owner's estimation of pain and thermographic imaging or palpation was low. The agreement between palpation and thermographic imaging was moderate, suggesting that thermographic imaging is a potential tool in clinical practice for detecting and screening cats that are, potentially, in pain.
Introduction
Pain in cats often goes undetected as they have very subtle behavioural expression of pain. 1, 2 In cats, lameness and orthopaedic examination may be a challenge in the clinical setting owing to the clinician's lack of experience and poor patient compliance. In this species, palpation and manual manipulation are often the only methods to detect pain in clinical practice. 3 Sometimes minor changes in behaviour can be the only indication of severe pain. 1 Cats suffer from the same painful diseases and conditions as dogs, humans and other mammals. As untreated pain can lead to more problems (eg, chronic pain and behavioural alterations), 4, 5 proper pain medication should be given to every cat in pain. 6 Owing to cats' behaviour in hiding pain, veterinarians need new methods for assessment and recognition of pain in this species. A questionnaire to assess degenerative joint disease-associated pain in cats is, potentially, one such method. 7 A validated questionnaire for arthritic pain perception exists for dogs, 8 but one does not yet exist for cats. Aggressive behaviour is also often a problem with cats when they are in pain. Owing to this cats usually need to be sedated for examination, which may lead to something being overlooked as radiological examinations do not always correlate with pain in osteoarthritis. 9, 10 Furthermore, as feline patients are often elderly, sedation also has its challenges. 11 Thermographic imaging (also known as infrared thermography and infrared imaging) is a potential method for recognising injured or potentially painful areas in cats, as a change in superficial temperature may be an indicator of several illnesses and pain. 12, 13 It has been used in dogs, [14] [15] [16] horses [17] [18] [19] and farm animals 20 for various purposes, such as visualising orthopaedic problems. In humans it has been employed to detect, for example, breast cancer, 21 changes in vascular tissue 22 and digital osteoarthritis. 23 To our knowledge, thermographic imaging has not been used previously to study cats. Thermographic imaging is a non-invasive, quick and safe method of detecting changes in superficial temperature in animals [17] [18] [19] [20] and humans. 21, 22 An inflammation in subcutaneous and deeper tissues can be reflected as superficial tissue temperature changes 23, 24 of ≥1°C. 18 Modern infrared cameras have been claimed to be more than 10 times more sensitive in detecting temperature changes 18 than the human hand and fingers that can detect a ≥2°C difference in temperature on a patient's skin. 25 Our primary objective was to compare the results of a palpation to thermographic images and pain questionnaire results in order to determine whether the indication of possible pain discovered in a palpation and a pain questionnaire correlates with the results of thermographic imaging. The secondary objective was to set reference limits for pain questionnaire scores to distinguish cats with no pain, with some clinical signs of pain, and definite pain. We also investigated the repeatability of a pain questionnaire, which was modified and translated from English to Finnish, by repeating the pain questionnaire and to show that the variance caused by this random component would be small enough to be considered as negligible.
Materials and methods

Cats
The study took place in the Veterinary Teaching Hospital at the University of Helsinki and a privately-owned cat clinic (CatVet) in Helsinki. One hundred and four clientowned cats were enrolled in the study. The cats studied at the Veterinary Teaching Hospital were invited to the hospital for the study, but the cats studied at the private cat clinic were regular patients attending the clinic for an annual clinical examination and vaccination, mild gastrointestinal problems, dental problems or for a suspected locomotor problem. Severely ill patients with advanced systemic disease (such as end-stage renal failure or cancer) were excluded from the study and one longhaired cat was excluded as the owner had not filledout the entire questionnaire. All remaining cats (n = 103) were included. The hair coat was intact in the areas of interest of this study. Thermographic images of the cats were taken before palpation. The owners filled out the questionnaire twice (30 mins apart), before and after thermographic imaging in order to test the repeatability of the questionnaire. The owners were asked to sign written consent for participating before enrollment in the study. This study was approved by the Ethical Committee of the Viikki Campus at the University of Helsinki.
Palpation
Palpation of the spine, joints and muscles was performed by one experienced veterinarian who was blinded to the history of the cat. The results of the palpation, including even minor reactions to the palpation, wasted muscles and trigger points in the muscles, were scored by the examiner. The initial scoring was from 1 to 5, with 1 being normal. The scores were merged (1 = 1, 2-3 = 2, 4-5 = 3) for statistical analysis, producing a scale from 1 to 3, with 1 being normal.
Thermographic imaging
A thermal camera with a resolution of 320 × 240 pixels (T425, FLIR Systems, Sweden) was used for the imaging and the Color Palette high rainbow was chosen for displaying the images. The emissivity of one (e = 1) was used for the imaging. The freeware FLIR QuickReport 2.1. (FLIR, 2011) was applied to interpret the thermographic images. 26 Thermographic images were taken of each cat from the dorsal view, as well as from left and right lateral views, and from the cranial and caudal view, in addition to paw prints if possible ( Figure 1 ). Those cats that were shy or frightened were allowed to stay in their carrier boxes with the lid off. In these cases, the minimum of the dorsal view and left and right lateral views were thermographed. Otherwise, cats were allowed to walk freely in an ambient room temperature of 21°C (69.8°F) for 15 mins. Owners were not allowed to touch the cats for 30 mins before or during the examination.
One veterinarian trained in thermographic imaging evaluated the images. The veterinarian performing the evaluation was not aware of the cats' history or signalment during the evaluation process. Notable temperature differences (≥1°C) 18 between the sides (left and right: lateral view and dorsal view, etc) of the cats were considered significant. Clinically abnormal cold or hot areas over the back within the same individual were also noted. The findings were scored from 1 to 3: 1 was considered to be normal with no findings; 2 was a mildly abnormal temperature finding (≥0.5°C difference but <1°C); and 3 was a temperature difference of ≥1°C. An example of the thermographic images with abnormal findings is presented in Figure 2 .
Questionnaire Seventeen significant questions from the original pain questionnaire 7 were chosen and translated into Finnish from English. The chosen questions were piloted with cat owners (n = 9) and repeated (n = 5) after corrections. The questions were modified according to the translation and the feedback from the pilot ( Table 1 ). In filling out the questionnaire of 17 questions owners had to choose one out of five alternative answers (scaled from 1 to 5 points) best describing their cat (Table 1) . Points from the chosen 17 answers were then totaled, the minimum sum being 17 and the maximum 85. At the end of the questionnaire there was also a separate question about the owner's opinion of whether their cat had any pain [none (1), occasionally (2), sometimes (3), often (4), constantly (5] )]. The initial scoring for the question about pain was from 1 to 5, with 1 considered normal. The pain question scores were merged (1 = 1, 2-3 = 2, 4-5 = 3) for statistical analysis, the final scoring being from 1 to 3: 1 implied normal; 2 and 3 were considered moderate; and 4 and 5 were considered severe. The question concerning the assumed pain was analysed separately and compared to the questionnaire, as well as the thermographic and palpation findings.
Statistical analysis of thermographic images, palpation and questionnaire
The agreement between the owners' evaluation of the cats' pain, the palpation results and the thermographic image results were assessed pair-wise with the aid of Weighted Kappa coefficients using Cicchetti-Allison's 27 weights. Weighted Kappa coefficients were selected instead of the unweighted option because unweighted kappa does not take into account the degree of disagreement between various methods and all levels of disagreement are treated equally as total disagreement. Kappa values of 0.01-0.20 were considered as slight agreement, 0.21-0.40 as fair agreement, 0.41-0.60 as moderate agreement, 0.61-0.80 as substantial agreement and 0.81-0.99 as almost perfect agreement. 28 The relationship between the pain questionnaire and the clinical examination and thermographic image results was assessed with one-way analysis of variance (ANOVA) models. Least square means from these two models were used in the determination of reference limits for pain questionnaire scores. The quality of the determined reference limits was assessed in two different ways. First, sensitivity and specificity were calculated for dichotomised classification variables (pain/no pain). This analysis provided information on how well the classification based on the pain questionnaire identified painless cats and those in pain, assuming that the palpation/thermographic image results were correct. The other method applied in assessing the reference limits did not assume that the palpation and thermographic image results were correct and used the original three-category classification. The proportions of agreement (the ratios of consistency) and their 95% confidence intervals were calculated for each of the categories (no pain, probable pain, distinct pain).
The random variation caused by refilling the questionnaire was evaluated in two different ways, with a random effects model and an ANOVA model. The response in the models was the pain score. The effect of cat was used as the sole random/fixed effect (depending on the model). If a specific question was unanswered at the first or second time of taking the questionnaire, the specific question was also considered missing (for the specific cat) the other time in order to make the sums comparable. In the random effects model the residual variance component, and in the ANOVA model the within-group variation, describe the variation between questionnaire answers for a specific cat. Repeatability statistics between the two time points were calculated from the ANOVA model.
Statistical analyses were carried out using the SAS System for Windows, version 9.3 (SAS Institute).
Results
The cats represented 16 different breeds, were aged from 12 weeks to 20 years and weighed 0.9-7.5 kg (2.4-20.0 lb). Twenty-six of the cats were longhaired and 77 were shorthaired. All the cats that did not have short hair were considered to be longhaired cats. More details are shown in the demographic data presented in Table 2 .
The palpation was executed only in those cats (n = 95) that tolerated handling in the study situation. Very frightened cats (n = 8) were not handled at all by the examiner. Of these, 47 (49%) showed signs of discomfort during the palpation, which was interpreted as possible pain. Out of the 47 cats that showed signs of discomfort during palpation, 39 had irregular heat patterns in their thermographic images. Irregular heat patterns (example seen in Figure 2) were found in the thermographic images of 56 palpated cats (59% of all cats). A total of 58 of the cats (56%) in the study (n = 103) had irregular heat patterns in their thermographic images. Twenty-two cats were reported to have some pain sometimes (19%) or constantly (2%) by their owners. The rest of the cats were not considered to be in pain by the owner. Four cats had previously diagnosed osteoarthritis (4%) and two were suspected to have osteoarthritis (2%). None of the cats diagnosed with osteoarthritis were on non-steroidal anti-inflammatory drugs at the time of the study. One cat received acupuncture regularly, and five cats were on oral glucosamine sulphate with or without chondroitin sulphate at the time of the study. All the cats were able to move without significant difficulty or lameness. It was possible to take thermographic images of all the cats participating in this study without any resistance from the cats.
Comparison of palpation, thermographic images, questionnaire and owner's estimate of pain
The agreement between palpation and thermographic imaging was found to be moderate (0.428) ( Table 3 ). The agreement between the owner's evaluation and thermographic image results or palpation results was found to be fair.
Based on the fitted ANOVA models, two different cutoff values for pain questionnaire scores to classify cats as being in pain or painless were selected (Table 4 ). Furthermore, values for classifying the pain into three categories in the questionnaire were determined. Two different limits were assessed; these cut-off values are presented in Table 5 . Using the first limits of Table 4 , we achieved excellent specificity results ( Table 6 ), but the downside was quite poor sensitivity.
Generally speaking, the proportions of agreement between the pain questionnaire and thermographic images, or between the pain questionnaire and palpation results, were quite low, especially for the two categories (probable pain and distinct pain) indicating pain. Separating cats with less pain from those with more pain seemed to be more challenging with the pain questionnaire. Based on the results, the pain questionnaire would work better in classifying the cats into only two categories: no pain versus pain.
Repeatability of questionnaire
The repeatability was 0.97, indicating that the variation between repeats represented a very small part of the 
Discussion
Our results suggest that owners not trained in evaluating their cats' pain miss the signs of possible pain more often than a veterinarian performing palpation and using thermographic imaging. Thermographic imaging is a sensitive method for detecting changes in superficial temperature. 12, 13 Such a change can be the result of an inflammatory process in an osteoarthritic joint, 23 but it can also be caused by a change in weight bearing. An indication of changes in weight bearing, as seen in thermographic images, can be the result of any kind of painful process, but it can also be the result of the cat lying in the transport box with the other flank down before the thermographic imaging. As this is possible where cats are concerned, the cats in the present study were allowed to roam the room freely, when possible, for a minimum of 15 mins and the owners were not allowed to touch to cats 30 mins before thermographic imaging to avoid false-positive findings. The treatment regimes (acupuncture, glucosamine sulphate with or without chondroitin sulphate) some of the cats were on during the study may also have had a small effect on the results. Our results suggest that the questionnaire could be used only to detect some cats with severe pain. Using the higher cut-off value of 22 points, we could be very confident that the cat was in pain. However, some cats that had some pain would have been diagnosed as having no pain. Using the second limits of Table 4 , we were able to improve the sensitivity of the test, but lost a degree of specificity compared with the first limits ( Table 6 ).
Although there are many pain scoring systems to choose from, [29] [30] [31] no definitive method for diagnosing mild pain in cats exists. In our study the patient selection was limited to normal cats that were assumed healthy (<5 years) and those that were suspected or known to have osteoarthritis or another painful orthopedic problem. Other diagnostic modalities were not used in this study as our aim was to study the thermographic method with cats in basic veterinary clinic conditions that may not include a radiological examination or computed tomography devices; furthermore, not all the painful cases of osteoarthritis, for example, can be detected in radiological examinations. 9, 10 Thermographic imaging has not been used previously to study cats. The reason for this could be that cats are difficult to restrain without touching them and too small for using harnesses or collars without affecting the thermographic images. However, thermographic imaging has been used successfully with dogs [14] [15] [16] and horses, [17] [18] [19] and we did not see any reason not to extrapolate the reported information to our study. In the present study, we found the technical problems concerning the imaging of movable targets (cats) to be relatively minor, hence the method could be used on cats. Moreover, the cats seemed quite relaxed, which is why the owners also responded enthusiastically to the study.
Conclusions
Our results indicate that when combined with palpation, thermographic imaging might be a useful tool in differentiating painful cats from non-painful cats. In our results, palpation findings associated relatively well with thermographic images. This is another reason why thermographic imaging seems to be a good method to be used on tense cats. Further studies are required to determine the final scope and potential of the method of thermographic imaging.
